that do not come directly from the epicenter. The generation process of such a surface wave is reproduced here from the real records, and its physical mechanism is interpreted as refraction to compensate for a wavefront discontinuity.
To confirm the interpretation of the ground motion pattern, we performed ray tracing for Love waves in models of the structure in the Kanto basin (9, 10). The S-wave velocities in the basement and sedimentary layers are estimated from P-wave data because they are not well constrained from the previous studies. The model for ray tracing uses the local-mode approximation (11), employing a 100 x 100 grid with a spacing of 2.00 km (E/W) and 1.75 km (N/S). A horizontally layered structure is retrieved from the three-dimensional (3D) structural model at each point, and the phase velocity of the fundamental mode of the Love wave is then calculated for each grid point at a period of 8 s. We carried out ray tracing in this phase velocity distribution with the shooting method (12) . The calculated rays were traced to 40 s after the origin time of the earthquake (Fig. 2C) . Because rays are defined as normal to a wavefront, the tips of the rays indicate the theoretical wavefronts at 40 s, which agree well with the observed wavefronts. 2) The skeleton may be composed of rigid material like vertebrate bone, or it may be flexible like the notochord of the lancet.
3) A skeleton may consist of one element, as in most snails; two, like the bivalved shells of animals evolved independently in several different classes and phyla; or multiple elements, as in crinoids and crabs. 4) In shape, the parts of skeletons are essentially rods, plates, or solids. Rods define and support spatial frameworks, like the scaffolding formed by sponge spicules, or they are used as levers, like vertebrate limb bones. Interlocking plates, like those of tortoise shells and sand dollars, enclose space. A cone is a folded plate; we set these apart because they are so widely used as exteral skeletons. Three-dimensional solids are typically machine parts, like ankle bones, vertebrae, and teeth. 5) Growth of a skeleton that must function continuously as it develops can be accomplished by accretion, as in molluscan shells; by molting and replacement; by the addition of units to a modular structure, as in colonial organisms; or by the sort of remodeling that makes ball-and-socket joints possible in mammals.
6) Most skeletal parts grow in place, where they function, but some are prefabricated and then moved into working position, such as shark's teeth. 7) Multiple components are integrated in REPORTS four basic ways. They may stiffen soft material, without direct contact with one another. They may be linked by joints, which provide flexibility and mechanical advantage. They may be sutured or fused together, like the bones of the human skull. They may overlap, providing a sliding articulation like that between tergites, which allows a woodlouse or trilobite to roll up. The Skeleton Space constitutes a system of theoretical designs against which the skeletal parts of living and extinct organisms can be compared. Each structure is characterized by a seven-letter formula that defines its form. The skeleton of the human finger has the formula ACWGNXQ. It consists of multiple, internal, rigid, jointed rods that are remodeled as they growinplace. Given2 x 2 x 3 x 4 x 4 x 2 X 4 combinations of characters, the Skeleton Space embraces 1536 possible designs. To simplify the analysis of this large number of cases, we compare the skeletons used by different groups of organisms in a matrix of all possible pairs of character states.
Thomas and Reif (7) have shown that more than half of these character pairings are abundantly used, generally by animals in several phyla; two-thirds of these pairings are common. Only logically or functionally implausible combinations are unrecognized among living and extinct animals. To determine how rapidly this exploitation of available morphospace took place, we sought to establish a benchmark early in metazoan evolution. We elected to assess the occurrence of design options among animals found in the Burgess Shale. The fossils are exceptionally well preserved, detailed descriptions of most taxa are available, and this marine fauna has long been regarded as the epitome of early metazoan life (12, 14) .
We determined the design formula for each kind of skeletal element present in 104 welldocumented Burgess Shale genera with hard parts. These formulas are listed in a database that includes comments and quotations from the primary literature, documenting our assessment of each skeletal structure and any uncertainties that may be associated with our interpretation of its characteristics (16) . Frequencies of the pairs of character states represented among these design formulas were tabulated (Fig. 2A) . Some frequencies greatly exceed the number of taxa because different parts of an organism may have characters in common. To compare these data with a compilation for all living and extinct marine organisms (7), we arbitrarily consider a character pairing to be abundant if it is represented in >50 and common if it occurs in >10 skeletal elements of the Burgess Shale animals. Differences between the two data sets are represented graphically (Fig. 2B) .
A large proportion of the design options available for making animal skeletons is represented in the Burgess Shale fauna. Within 15 million years of the appearance of metazoans sufficiently large and well-differentiated to appear in the fossil record (17), at least 146 of 182 of the options presented by the Skeleton Space had been exploited (Table 1) These results lead to the following conclusions: 1) A large proportion of the available morphospace was exploited very rapidly, 2) Predominance of serial segmentation and design elements broadly comparable with those of arthropods indicates strong, early selection for rapid duplication and subsequent specialization of structural subunits (7, 23).
3) The disparate types of skeletal elements that occur together in some organisms (14) suggest a low level of morphological integration that would later be streamlined by more precise gene regulation (24) . However, even the most seemingly bizarre taxa, such as Anomalocaris (25, 26), do not have more distinct types of skeletal elements than contemporary arthropods assigned to the Crustacea. Some Burgess Shale crustaceans already had skeletons as structurally specialized as those of their close living relatives (27). (28) After the divergence of protostomes and deuterostomes, a major clade within each group went in for active locomotion, evolving strong anterior-posterior differentiation and jointed-lever skeletons. In arthropods, these emerged as exoskeletons; in verteonce animals with skeletons appeared on the evolutionary stage. This is consistent with the later rapid exploitation of more narrowly defined morphospaces, documented for crinoids and other taxa, in the Ordovician (22) .
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